The objective of the present study was to evaluate quality and yield attributes of Mexican beef carcasses to serve as a benchmark for production in the Mexican beef cattle industry. Seven packing plants were surveyed nationwide. Carcass yield and quality traits were assessed in the cooler at approximately 24 h postmortem. Results indicated that around 90% of the beef slaughter population in Mexico has a strong Bos indicus genetic background. Moreover, 71.6% of the surveyed cattle are presented for slaughter at a BW between 400 and 500 kg. Chilled carcass weight was between 220 and 340 kg in 88.9% of the surveyed population. According to European beef carcass grading standards, carcass conformation varied from poor to good in 82% of the carcasses, whereas in 17.8% the conformation was very good or excellent. In 60.7% of the surveyed carcasses the KPH was 2% or less. The subcutaneous fat depth was 1 cm or less in 90% of the carcasses. In 71.8% of the carcasses the LMA was of 80 cm 2 or less, whereas only 8.6% had LMA values of 90 cm 2 or greater. Carcass maturity score USDA B 100 or less was found in 92.4% of the evaluated carcasses, whereas 28.5% were graded as USDA A 100 /B 00 . A total of 93.6% of the sample had marbling scores of 300 or less, corresponding to the categories slight, practically devoid, or traces. Only 12.9% of the carcasses exhibited a yellow fat cover. In the remaining 87.1% the fat cover was white or beige. The backfat layer was uniform in 43.2% of the carcasses, whereas 55.9% had an uneven fat cover. Information from this survey provided data that could serve as a means to develop a yield and quality evaluation program that can be further developed into a value system for Mexican beef carcasses and live cattle.
INTRODUCTION
The knowledge of differences between carcasses has sufficiently great economic impact that the meat industry has changed throughout the world (Cross and Savell, 1994) . Evaluation of beef carcass yield and quality traits is relevant for consumers, cattle producers, and meat packers. It is clear that carcasses offering the most sought-after quality standards and best yield (the least trimmable fat) are the most valuable (Kempster et al., 1982) . Meat scientists have developed a methodology for measuring carcass attributes that affect meat yield and palatability traits. Segregation by quality and quantity attributes has helped beef producers worldwide to better meet the demands of the consumer.
Even though recent studies (Delgado et al., 2005; Rubio et al., 2007) provided some data on the composition and palatability of beef sold in the Mexican market, there is still a serious lack of information regarding carcass quality and quantity attributes. Mexico has been described to have well differentiated agro-climatic regions located in the north, center, and south of the country (Villegas et al., 2001) . It has been recognized that the climatic conditions of each region have a great impact in agriculture and also determine the type of cattle that is exploited and the production system used (Gallardo et al., 2002; Trueta, 2003) . Meanwhile, no research has been conducted to recognize the yield and quality attributes of beef carcasses nationwide in Mexico. Certainly, such information is vital in the path toward the development of Mexican standards. Therefore, the present survey is expected to serve as a benchmark for the Mexican beef cattle industry.
MATERIALS AND METHODS
No Animal Care and Use Committee approval was obtained because carcasses were sampled from commercial slaughter plants. The beef slaughter population in 7 slaughterhouses was surveyed by conducting cross-sectional studies between March 2004 and December 2005 ( Table 1 ). The survey was conducted in the 3 regions, north, center, and south, to provide nationwide representation in the survey sample. Out of each region, the states with greatest production rates were selected (Veracruz, Chiapas, and Tabasco, representing the southern region; Sonora, Sinaloa, Chihuahua, Tamaulipas, Baja California, and Durango, representing the northern region; and Jalisco, Aguascalientes, and Querétaro, representing the central region (SIAP, 2002a) . Finally, slaughterhouses with the greatest killing rates within each state were selected to participate in the survey (SIAP, 2002b) . In each plant, all carcasses from the previous slaughter day were evaluated by personnel who had special training on the USDA grading system and the European classification system, respectively.
Data on slaughter weight (nonshrunk), chilled carcass weight, and carcass yield were gathered from slaughterhouse records. Young bulls and heifers were the only sex classes included in the survey. The occurrence of steers in the Mexican beef slaughter population is negligible because castration is rarely practiced. Carcass traits were evaluated in the cooler at approximately 24 h postmortem. Additionally, the height of the hump in chilled carcasses was measured to estimate the genetic background of cattle (Bos indicus or Bos taurus). The height of the hump has been associated with Bos indicus genotype (Sherbeck et al., 1996; Boleman et al., 1998; Casas et al., 2005) . Hump height was measured as the distance between the highest point on the hump to its center, taking the nucae ligament as the base.
Assessment of Carcass Yield Traits
Carcass conformation was assessed by evaluating the carcass profile and in particular the essential parts (round, back, shoulder) in terms of muscle development according to European standards (EC 103/2006) . Carcasses were assigned to one of the following conformation categories: 6 = superior, 5 = excellent, 4 = very good, 3 = good, 2 = normal, 1 = poor, corresponding to the original European conformation scores S, E, U, R, O, P, respectively. For example, the E class is assigned to a carcass with very rounded round and shoulder and a wide and very thick back. In contrast, the P class is assigned to a carcass showing a poorly developed round, a narrow back with visible bones, and a flat shoulder with visible bones. To aid the evaluation, photographic patterns were used.
Subcutaneous fat depth, KPH, and LM area (LMA) were assessed according to USDA beef carcass grading standards (USDA, 1997). The KPH was estimated as a percentage of carcass weight. Subcutaneous fat depth was measured at the 12th rib, 3/4 of the length from the top of the LM. Likewise, LMA was determined on the exposed LMA at the 12th rib by means of a grid. The subcutaneous fat depth and LMA were assessed only in those slaughterhouses that ribbed carcasses between the 12th and 13th ribs, leaving the LM exposed. For commercial marketing reasons carcass ribbing is not performed in some Mexican slaughterhouses. Therefore, data on those traits requiring carcasses to be ribbed could not be obtained in all the surveyed establishments.
Assessment of Carcass Quality Traits
Carcass maturity was estimated by evaluating the size and shape of the rib bones, the ossification of the bones and cartilage, especially the split chine bones, as well as by the color and texture of the lean tissue (USDA, 1997). According to these criteria, carcasses were assigned to 1 of the following maturity groups: 1 = up to USDA A evaluated on the carcass fat cover and scored according to this scale: 1 = white, 2 = beige, and 3 = yellow. Finally, the uniformity of the backfat layer covering the carcasses was assessed and determined as a backfat distribution score according to the following scale: 0 = no fat cover, 1 = even, and 2 = uneven.
Data Analyses
Results were analyzed to generate means, medians, and frequency distributions (Statgraphics Centurion XV 15.1.02, StatPoint Inc., Warrenton, VA). Furthermore, a t-test was conducted to estimate the influence of sex class (young bulls, heifers) on carcass traits. For ordinal data, medians of each sex class were compared by means of a Mann-Whitney (Wilcoxon) test. The effect of the region from which the cattle originated (north, center, and south) on carcass traits was estimated by conducting ANOVA. Means were discriminated using the Tukey's range procedure for unequal cell sizes (Lentner and Bishop, 1986) . For ordinal data, medians of each region were analyzed by running a Kruskal-Wallis test.
RESULTS AND DISCUSSION

General Description of Mexican Carcasses
The occurrence of sex class and geographical region in the total number of carcasses surveyed was as follows: young bulls, 78.7%; heifers, 21.3%; carcasses from the north, 24.6%; carcasses from the center, 26.0%; carcasses from the south, 49.4% (Table 2 ). These data confirm that most of the slaughter cattle population in Mexico is composed of young bulls. This is in line with a previous report (Nuñez et al., 2005) that observed that nearly 40% of the slaughter cattle in Oaxaca State originated from young bulls. Nuñez et al. (2005) attributed their findings to the demand of Mexican consumers for low-fat beef. Apparently, this is not true for the northern region, where heifer carcasses were found in greater numbers. This may be due to the export of bull calves from this region to the United States, which depletes the availability of young bulls for slaughter. This may possibly change depending on market fluctuations. According to hump height results, over 90% of the slaughter population sampled had some degree of Bos indicus genetic background. It was observed that only 2.1% of the carcasses had no hump at all, whereas 10.7% had a hump height of up to 7 cm (Figure 1 ). In contrast, 87.2% of the surveyed carcasses had a hump height from 7 to over 28 cm. These results are similar to those reported elsewhere for Brahman and other Bos indicus cattle. Boleman et al. (1998) categorized animals with a hump equal to or taller than 10 cm as Bos indicus genotype. If one takes the latter into consideration, the survey showed that 53.7% of the slaughter cattle had a strong background of Bos indicus genotype, whereas the remaining 46.3% may be categorized as Bos taurus (data not presented).
However, the dominance of Bos indicus genotype in Mexico could be even greater than the estimation made with the previous approach. Casas et al. (2005) , in a study with Brahman cattle, reported hump height values of less than 7 cm in 12.6% of the studied animals. Therefore, the estimation of Bos indicus genotype prevalence in Mexico may be increased to 90% if the hump height classification criterion is reduced to 7 cm or less. This could be a more exact approach for Mexican cattle. It is thus evident that the Bos indicus genotype is widely spread all through Mexico whereas the exploitation of Bos taurus cattle is still very limited.
Yield-related Traits
Slaughter weight, chilled carcass weight, and carcass yield did not vary greatly (Table 3 ). The latter may be due to the commercial scheme widespread in Mexico whereby beef cattle are sold on a BW basis. Therefore, it appears that a major part of Mexican producers target the market slaughter weight, leading to a rather uniform distribution of BW-related traits. This hypothesis is further supported by the frequency distribution of the above-mentioned variables (Table 4) .
Slaughter weight distribution shows that 71.6% of the cattle presented for slaughter had a BW between 400 and 500 kg, with few animals below (11.5%) or above (16.7%) this interval. Other studies with Mexican cattle reported BW data slightly less than those observed in the present survey. Martínez et al. (2006) , in a study carried out in the state of Nayarit with cattle from Criollo and Guzerat breeds, reported slaughter weight values between 300 and 400 kg. Likewise, a survey conducted in 3 regions of Costa Rica (ITCR, 2004) reported values slightly above 400 kg, which are similar to those observed in the current investigation.
The distribution of chilled carcass weight indicates that 88.9% of the sample yielded carcasses between 220 and 340 kg. A previous study conducted in Mexico reported an average chilled carcass weight of 343.0 kg (Rubio et al., 2007) . That is 56 kg above the average chilled carcass weight observed in the current study (286.7 kg). However, it should be noted that Rubio et al. (2007) dealt with a limited number of bull carcasses, whereas the present study surveyed a greater number of carcasses from different sex classes and regions of the country. On the other hand, 65.4% of the sample had a carcass yield between 58 and 68 kg. These values are in the order of those reported by Riley et al. (2002) in Brahman crosses. The other carcass yield traits, except for the LMA, varied significantly (Table 3 ). The latter might be explained by the number of Mexican beef cattle producers with different management, feeding regimens, and technological levels. These factors combined with the absence of a yield grading system may lead to the lack of uniformity observed for the aforementioned variables.
The distribution of carcass conformation scores (Table 4) showed that there is considerable room for improvement regarding this trait. In 82.4% of the carcasses the conformation score was 3, 2 or 1, corresponding to the categories good, normal, and poor, respectively. The median conformation score of the sample was 3 (Table 3 ). In contrast, no more than 17% of the carcasses reached 4 points (very good category), whereas only 0.8% attained a score of 5, corresponding to the excellent category. The superior conformation category was not found in any of the evaluated carcasses. Consequently, the Mexican beef cattle industry should pay some attention to factors affecting this trait such as genetics or the use of approved growth promoters like zilpaterol chlorhydrate (Zilmax, Intervet/Schering-Plough Animal Health, Estado de México, México), known for its positive influence on carcass yield (Strydom et al., 2009) . Even though Zilmax has been commercialized in Mexico for several years, its use appears to be limited to feedlots. Apparently, in this survey the number of grass-fed animals was greater than the number of the animals fed in feedlots considering the distribution of conformation scores. Nonetheless, it should be noted that most of the cattle produced in Mexico are rather lean, and thus, the influence of carcass conformation on meat yield could be relevant. Therefore, a yield grading system for Mexican cattle that includes conformation as a criterion may be a very useful strategy toward the improvement of carcass meat yield.
A KPH of 2% or less was observed in 60.7% of the surveyed carcasses (Table 4) . These values are similar to the 2.29% KPH found by Riley et al. (2002) in Brahman cattle. Conversely, they were less than those reported for American carcasses graded as USDA Standard (McKenna et al., 2002) . These results are not surprising given the dominance of the Bos indicus genotype in Mexican cattle, which is well known for its limited ability for fat deposition. In addition, the increased occurrence of young bulls in the sample appeared to be influencing results for carcass fatness-related traits. However, the reduced carcass KPH might represent an advantage for the Mexican beef industry. The availability and price of concentrates could be a strong limiting factor to promote greater KPH accumulation in the carcass at the expense of less meat yield. Based on USDA Beef Carcass Grading Standards (USDA, 1997): 100 = practically devoid 00 , 700 = slightly abundant 00 .
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The trend recorded for subcutaneous fat depth was similar to that of KPH. It further supports the previous discussion on the potential advantage of keeping carcass fatness at a reduced level in Mexican cattle. Again, these results are less than those reported for USDA Standard carcasses (McKenna et al., 2002) in more than three-quarters of the sample.
In 71.8% of the carcasses the LMA, an indicator of carcass lean yield, was 80 cm 2 or less, whereas only 8.6% had LMA values of 90 cm 2 or greater. These values are similar to those observed by Riley et al. (2002) and Smith et al. (2007) in studies with Brahman-cross cattle where the LMA was between 72.55 and 85.98 cm 2 . Conversely, the LMA values found in this study are less than those reported in USDA Select or USDA Standard carcasses (McKenna et al., 2002) , but the latter were 70 kg heavier, on average, than the ones that were surveyed in the present study.
In view of the LMA results in relation to the observed carcass weight data, it is evident that the Mexican beef industry needs to improve those factors that would lead to a greater meat yield. It might be worth considering the transformation of the present commercial scheme from a BW basis to a grading system that includes lean yield-related traits. That would be a key factor to encourage cattlemen to implement some genetic and feeding changes at the production level to improve carcass meat yield.
Carcass Quality Traits
Most carcass quality traits showed considerable variability (Table 5 ). As mentioned before for some carcass yield traits, the differences in management, feeding, and technological level across Mexican beef cattle exploitations may be partially responsible for this variability. Besides, the present marketing of Mexican cattle on a slaughter weight basis does not provide for a quality differentiation. Therefore, the lack of uniformity observed for these variables was expected.
The distribution of carcass maturity scores are presented in Table 6 . Results showed that 92.4% of the evaluated carcasses had a maturity score of 2 or less (USDA B 100 or less). But even the number of carcasses with a maturity score of 1 (up to USDA A 100 /B 00 ) was 28.5%. These results are in line with those reported in a previous study whereby the average maturity in a group of Mexican bull carcasses was equivalent to USDA A 50 (Rubio et al., 2007) . The clear preponderance of young bulls in the Mexican beef slaughter population (almost 8 out of 10 carcasses surveyed were originated from young bulls; Table 2 ) supports the maturity results observed in the present survey. No doubt, with the prevailing genetic background of cattle, reaching the slaughter weight with an acceptable carcass maturity by using heifers or steers would be very difficult unless high energy diets were widely used. Consequently, the Based on USDA Beef Carcass Grading Standards (USDA, 1997): 100 = practically devoid 00 , 700 = slightly abundant 00 .
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Beef carcass survey in Mexico massive exploitation of young bulls should continue as long as factors such as cattle genetic background and availability and price of concentrates do not provide room for a change. A total of 93.6% of the sample had marbling scores of 300 or less, corresponding to the categories slight, practically devoid, or traces. The median marbling score was 200 (Table 5) and in the same level observed in previous reports involving Mexican bull carcasses (Rubio et al., 2007) . Bos indicus influence and prevalence of young bulls in the sample are again apparently the cause of these results. Evidence from Brahman cross cattle (Riley et al., 2002) , where marbling scores slightly greater than traces were observed, further supports this hypothesis. The distribution of marbling scores confirmed the leanness of Mexican beef in relation to the local market target for low-fat beef. That is an important competitive factor to keep in the open market frame where significant quantities of US beef are increasingly available. It is well known that marbling scores are an important factor determining the quality grade of US beef. As for the Mexican beef industry, it is clear that future quality improvement programs ought to ensure that this important competitive factor will not be affected.
Fat color is an important variable in the Mexican market due to the negative perception of yellow fat by wholesalers and consumers. Quite often, the presence of yellow fat in the carcass leads to a price penalty. Surprisingly, the incidence of yellow fat was low in the sample even though it is generally accepted that most of Mexican cattle are fattened on pastures (Table 6 ). It is apparent that Mexican producers are able to fatten cattle on grazing systems without affecting fat color. Only 13.5% of the carcasses exhibited a yellow fat cover. In the remaining 86.5% of the evaluated carcasses, the fat cover was white or beige. However, due to its economic relevance, the Mexican beef industry might consider keeping fat color in any future quality grading scheme.
Backfat distribution scores showed 43.2% of the carcasses had a uniform backfat layer, whereas 55.9% had Within a row, means/medians without a common superscript differ (P < 0.05).
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an uneven fat cover. A negligible amount of the carcasses (0.9%) had no fat cover. Again, the influence of the Bos indicus genotype and sex class appears to be related to the observed results. Bearing in mind the role of the carcass backfat layer in preventing muscle cold shortening, it may be worth considering the improvement of this trait in the Mexican herd.
Effect of Sex Class on Yield-related Traits
The slaughter weight of young bulls was significantly greater than that of heifers (Table 7) . Because the marketing scheme is based on BW, the heavier young bulls represent an important economic advantage over heifers at commercial scale. Hence, it further explains the dominance of young bulls in the Mexican beef slaughter population.
Sex class did not affect chilled carcass weight or conformation. However, carcasses originated from heifers exhibited a greater carcass yield as compared with those originated from young bulls. Nevertheless, carcass yield by itself did not reveal any clear advantage of heifers. On the contrary, it appears to be related to their greater carcass fatness, as evidenced by variables such as KPH. Moreover, young bull carcasses performed better in lean yield-related traits (e.g., LMA and subcutaneous fat depth), which once again confirms the opportunity of exploiting young bulls in relation to the market target for low-fat beef.
Effect of Sex Class on Carcass Quality Traits
The analysis of carcass quality traits within sex class revealed the typical differences often reported between entire males and females, the former producing leaner carcasses than the latter (Table 8) . Fat color and backfat distribution results were better in heifers. However, both sex classes were within the acceptable range. Therefore, in regard to carcass quality traits there appears to be no reason to propose a more extensive use of heifers.
Effect of Region on Carcass Yield Traits
The results of most yield-related traits consistently highlighted the better performance of beef cattle from the northern region (Table 9 ). Even though data for some variables were not available in carcasses from the central region, results for chilled carcass weight, carcass conformation, and KPH did not suggest any striking feature of this group. As it is well known, beef production in the north of Mexico is widely based on feedlots (Gallardo et al., 2006) . In contrast, cattle fattening in the central and southern regions relies more on pastures. It is thus not surprising that cattle from the north performed better, considering that carcass yieldrelated traits of cattle fattened in feedlots consistently outperform those of grazing cattle.
Effect of Region on Carcass Quality Traits
Carcasses from the south were less mature than those from the north (Table 10) . However, this difference lacks of practical importance because both groups were within an acceptable level of carcass maturity. Northern carcasses, in turn, had a greater marbling score than the southern ones and had a better overall performance in regard to carcass quality traits. This trend is in line with findings reported by Delgado et al. (2005) in a study with Mexican retail beef whereby samples from the south were darker and tougher than those from the north, as suggested by its significantly greater objective color a* values and shear force, respectively.
Carcass fat was whiter and more evenly distributed in carcasses from the northern region. Again, this group performed better than those of the southern and central regions. The latter had the least scores among all regions. As mentioned before, the more extended use of feedlots in the north in contrast with the prevalence of grazing cattle in the rest of the country could explain these results. Information from this survey provided data that could serve as a means to develop a yield and quality evaluation program that can be further developed into a value system for Mexican beef carcasses and live cattle.
